A high dynamic range infrared image of the sea surface scene includes the effects due to the sea clutter, mirror reflections from the wave facets, which decrease the visibility of the ship targets and their details. This paper provides an efficient adaptive enhancement technique for ship targets based on bilateral filtering and visual saliency detection. The 14-bit raw image is separated into a detail layer and a base layer by applying an adaptive bilateral filter. Then the two layers are processed separately and added afterward. Hereafter by employing visual saliency detection we can get the gain matrix to improve the contrast of ship targets. Finally, the image whose contrast is improved is quantized to the display range. The strength of our proposed method lies in its ability to inhibit the sea clutter and adaptability in different sea surface scene and shows a better performance in the contrast of the ship targets and the visibility of their details.
INTRODUCTION
The image enhancement of low attitude sea surface environments in a medium-wave infrared band is a challenging research subject because the radiation from sea surface depends on sea clutter, sun glints and atmosphere [1] . Owing to the mirror reflections from the wave facets, low contrast and the thermodynamic state of ship targets affect the detection and visualization of ship targets in the low attitude sea surface scene. Therefore, for successful target tracking and better visualization of high dynamic range (HDR) IR images, it is important to develop efficient enhancement techniques that increase the contrast between targets and the background and emphasize target details, while suppressing the radiation from sea surface without introducing artifacts.
Because the image enhancement solutions are case dependent, it is difficult to develop an enhancement technique working well under different conditions. Now we focus on the low attitude sea surface IR images consisting of ship targets.
To the best of our knowledge, Karali et al. have developed an IR image enhancement technique specific for sea surface targets [2] [3] . But Karali et al.'s method is not able to adapt to different scenes and gives general performance with our image data.
The paper is organized as follows: Section 2 discusses some related work. Section 3 firstly reviews Durand et al.'s bilateral filter operator and introduces our adaptive version. Then the spectral residual approach is explained and its corresponding gain matrix is computed. The experimental results with subjective comparisons are provided in Section 4.
Finally, the conclusions of this paper are presented in section 5.
RELATED WORK
The image enhancement techniques can be generally divided into four categories, which are amplitude scaling, histogram modification, noise removal, and edge enhancement. In the earlier work, the edges are enhanced by adaptive threshold using the error-diffusion algorithm [4] and the dynamic range enhancement is accomplished using a logarithmic image processing model [5] . An adaptive contrast enhancement method based on the wavelet transform [6] is proposed later.
Polesel proposed an adaptive unsharp masking technique [7] . Highnam et al. implemented a spatiotemporal homomorphic filtering technique using a qualitative model for the IR scenes [8] . Besides, the autoregressive moving average filter and ∞ bounds [9] are used to enhance IR images. The IR image enhancement based on a human visual system is proposed [10] using the multifractal theory. Balanced contrast limited adaptive histogram equalization and contrast enhancement techniques are used together for an improved visualization of the IR images [11] . A bilateral filter [12] is also used for the dynamic range compression of the IR HDR images. After a comparative analysis of the different techniques for sea surface scene, it is observed that the bilateral filtering provides somewhat better results in the tests among the compared methods.
PROPOSED IR IMAGE ENHANCEMENT METHOD
In this section we will present the details of the proposed IR image enhancement method, which includes the adaptive bilateral filter and the saliency detection. Adaptive bilateral filter is used to separate the original 14 bit image into a detail layer and a base layer. Then we get the gain matrix by computing the saliency map of the original IR image.
Adaptive bilateral filtering
Durand and Dorsey introduced the bilateral filter to the computer graphics community and showed how it may be used to help solve the grayscale reproduction problem [13] . It splits a density image into a detail layer that contains only low dynamic range information and a base layer with a high dynamic range.
Bilateral filtering is robust against outliers and other anomalies. It is an edge-preserving smoothing operator, which effectively blurs an image but keeps the sharp edges intact [14] . It is implemented directly in image space and its computation is given by
Here, the value form a Gauss distance function from the pixel ( , ) of the block center and g is the grayscale Gauss function. Ω is the size of mask we used.
For the low attitude sea image, the choice of standard deviation has a perceptible effect on its visual appearance. As shown in Figure 1 , the choice of the two Gauss standard deviation and of the traditional bilateral filter has a strong influence on the output image. is the spatial proximity factor and is the brightness similarity factor. is the size of unsharp mask. If = 20, = 200, = [3, 3] , the output image in weak sun glints scene is good, but the result of strong sun glints scene is worse and there is lots of noise signal in the image. On the contrary, if = 200, = 20, = [3, 3] , the details of the ship targets is blurry, but the result in strong glints scene is better than the former case. Therefore, it is necessary to make and adjusted dynamically. After analyzing Figure 1 , we can also note that the output image in weak sun glints scene is better when the value is small and the value is large, the output image in strong sun glints scene is better when the value is large and the value is small. So is defined as mean square root of the mask region, is the ratio of I( , ) and :
where is the unsharp mask region and its size is [3, 3] , ( , ) ̅̅̅̅̅̅̅̅ is the mean value in the mask region. Then we can get a temporary image:
where ( ) denotes the general shape of log spectra, which is given as prior information.( ) denotes the statistical singularities that is particular to the input image. Hou defines ( ) as the spectral residual of an image [15] .
The averaged curve indicates a local linearity. Therefore, it is reasonable to adopt a local average filter ℎ ( ) to approximate the shape of ( ). In our paper, equals 3. Changing the size of ℎ ( ) alters the result only slightly. The averaged spectrum ( ) can be approximated by convoluting the input image:
Therefore the spectral residual ( ) can be obtained by:
In this model, the spectral residual contains the innovation of an IR image. It serves like the compressed representation of a scene. Using inverse Fourier transform, we can construct the output image called the saliency map in spatial domain.
The saliency map contains primarily the nontrivial part of the scene. The content of the residual spectrum can also be interpreted as the unexpected portion of the image. Thus, the value at each point in a saliency map is then squared to indicate the estimation error. For better visual effects, we smooth the saliency map with a Gauss filter g( , )( = 8).
In sum, given the original image ( , y), we have: 
EXPERIMENTS AND RESULTS
The field tests include targets of different sizes located at different distances and orientations from the observer. The targets at the horizon, multiple targets, and targets with land background are also considered. The compared algorithms are selected as AGC, CLAHE, BF. The first method is chosen because it shows a basic mapping. CLAHE has a good performance between the histogram based approaches. BF is the bilateral filtering, which is chosen for a fair comparison.
The choice of the algorithms will serve our comparison purposes. ABS (adaptive, bilateral, saliency) is the proposed method in this paper. There is no standard or metric for the performance comparison of the enhancement techniques, so we experiment with subjective tests, observers are asked to give points to different images based on the four different criteria. The criteria are the truthfulness of the image, detail visibility of the target, unnatural artifacts, and total image quality [2] . Two examples for high dynamic range infrared images are given in Figure 3 and Figure 4 . Figure 3 is the weak sun glints scene and Figure 4 is the strong sun glints scene. By comparison, BF has a comparable performance and its background noise is rich when compared to our method because the proposed method suppresses the background clutter. As seen in Figure 3 (d), our method increases ship target details and contrast between it and background more when compared to the other methods.
Due to the gain matrices constructed depending on the saliency map, the edges and texture of the target are enhanced and the details of the sea-surface are suppressed. In Figure 4 (d), our method also decreases sea clutters more.
CONCLUSIONS
This paper provides an efficient high dynamic range infrared image enhancement technique for sea surface ship targets based on adaptive bilateral filtering and spectral residual approach. The performance of the proposed method is better compared with other different methods through subjective tests for the low attitude sea infrared images and the experimental results show that the proposed method can get good visibility of the sea surface ship targets and their details.
